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(54) FUNGICIDALLY ACTIVE 1,3,4-THIADIAZOLE 
DERIVATIVES 

(71) We, SCHERING AKTIENGE S ELL SCHAFT, a Body Corporate or- 
ganised according to the laws of Germany, of Berlin and Bergkamen, Germany, do 
hereby declare the invention, for which we pray that a patent may be granted to us, 
and the method by which it is to be performed, to be particularly described in and by 
5 the following statement: — 

The present invention is concerned with fungicidally active 1,3,4-thiadiazole 
derivatives for controUing phytopathogenic fungi, and with their use. 

Fungicidally active substances based on 1,2,4-thiadiazole have been known (cf. 
United States Specifications Nos. 3,260,588 and 3,260,725). 5-Ethoxy-3-trichloro^ 
10 methyl- 1,2,4-thiadiazole, however, which is distinguished by its special fungicidal pro- 
perty has oruy a specific activ^ 

It has also been proposed to use 2-halogenoalkyl-5-alkylsulphinyl-l,3 > 4~lluadiazole$ 
and the corresponding sulphonyl compounds against phytopathogenic fungus pests (cf. 
German Offenlegungsschrift No. 1,817,069). These active substances do not, however, 
15 have a sufficient compatibility with plants. 

The present invention provides compounds of the general formula I 





in which R represents an aliphatic hydrocarbon group which preferably contains 1 to 5 
carbon atoms and n represents 1 or 2, and salts of such compounds. It is to be under- 
20 stood in the description and claims herein that the salts of the compounds of the general 20 

formula I include not only salts with inorganic and organic acids but also; salts with 
Lewis acids. 

The compounds of the general formula I and their salts not only have an activity 
against phytopathogenic fungus pests but also have a good compatibility with plants. 
25 The present invention accordingly also provides a fungicidal preparation which 25 

comprises a compound selected from compounds of the general formula I and salts of 
such compounds, in admixture or conjunction with a suitable carrier. The preparations 
may of course contain one or more of the active substances. 

The present invention further provides a method of protecting a living plant 
30 against phytopathogenic fungi, wherein a living plant is treated with a compound 3Q 
selected from compounds of the general formula I and their salts. 

The present invention) further provides a method of treating a crop area against 
phytopathogenic fungi, wherein a crop area is treated with a compound selected from 
compounds of the general formula I and their salts. 
35 The present invention further provides a method of protecting seeds against phyto- 35 

pathogenic fungi, wherein seeds are treated with a compound selected from compounds 
of the general formula I and their salts. 

Particularly suitable active compounds of the above general formula I are com-, 
pounds in which R represents a linear or branched alkyl group containing 1 to 5 carbon 
40 atoms, for example a methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl 40 

or pentyl group. 

[Price 33p] 
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These active compounds may be applied either in their fee form or in the form 
of their salts with inorganic or organic acids. 

As salt-forming acids there may be mentioned, for example, inorganic acids, for 
example mineral acids* for example hydrochloric or sulphuric acid, and organic acids, 
5 for example oxalic or para-toluenesulphonic acid. 

Furthermore, there may be mentioned the so-called Lewis adds* for example boron 
trffluoride or zinc chloride, which form reaction products with the compounds of the 
general formula I. 

The compounds of the general formula I and their salts used in accordance with 

10 the present invention* are distinguished by a broad activity spectrum against pathogens 

carried by seeds or in the soil and this activity is substantially greater than that of the 
aforesaid known preparations based on halogenoalkyl-thiadiazole derivatives and that 
of methyl-1- (bntylcarbamoyl) ~2^benzimidazoleK^fbamate, l,4-dicHoro^2,5-dimethoxy- 
benzene, 5-ethoxy-3 -trichloromemyl-l^^-thiadiazole and p- (dihnethylamino) -benzene- 

15 diazo-sodium sulpfcoraate. 

These compounds are active, for example, against Pytfrium, Rhizoctoma, TUletia, 
Helminth osporium and other phytapamogenic fungus pests and are suitable for their 
complete control. In addition, the active substances display an outstanding compatibility 
with plants which is substantially better than that of the aforesaid known halogenoalkyl- 

20 tMadiazole derivatives. 

Particularly suitable as fungicides are, for example, 2-(4-pyrMyl)-5-etliylsulphihyl- 
1,3,4-thiadiazole ddhydrogensulphate and 2- (4-pyridyl ) -5-ethylsulpMnyl~l^ 3 4-thia~ 
diazoie hydrochloride for combating cereal diseases, and 2- (4-pyridyl ) -5-methyl- 
sulphonyl-l,3,4-thiadiazole dihydrogen sulphate monohydrate for combating soil- 

25 specific pathogens on cotton and, sugar beets, combined with a minimum effect on the 25 

plants. 

The compounds of the general formula I and their salts may therefore be used in 
agriculture and horticulture for general soil treatment, for treating seed materials or for 
treating seed furrows. Such a treatment combats not only fungus pests that attack from 

30 the soH but also those which are carried by seeds and are parasites found on the parts 30 

above the ground. Surprisingly, some of the fungicides used according to the present 
invention display systemic properties. 

In each application the active substances may be used either individually or as 
mixtures containing at least two of the active substances or, if desired, in admixture 

35 with other plant protective agents and pest control agents, for example with insecticides, 35 

when it is desired to control these or other pests at the same time. It is also possible 
to admix them with synergistically active compounds. 

The fungicidal preparations advantageously take the form of, for example, pow- 
ders, spraying or dusting agents, granules, solutions, emulsions or suspensions, with the 

40 addition of solid and/or liquid diluents or vehicles and, if desiied, of surface active 40 

agents, for example adhesives, wetting agents, emulsifiers and/or dispersing agents. 

Suitable liquid vehicles are, for example* water, mineral oils and other organic sol- 
vents, for example xylene, chlorobenzene, chloroform, 1 ,3 -dicWor opropene, cyclo- 
hexanone, ether, ethyl acetate, dimethyKormamide and dimethylsulphoxide. 

45 Suitable solid vehicles are, for example, lime, attaclay and other clays, kaolin^ chalk 45 

and talcum as well as natural or synthetic silicic acid. 

As surface-active agents there may be mentioned, for example, salts of lignin- 
sulphonic acids, salts of alkylated benzenesulphonic acids, sulphonated acid amides and 
their salts, polyethoxylated amines and alcohols. 

50 If it is desired to use the active substances for seed dressings, it is also possible to 50 

admix colouring matter with them to impart a clearly visible coloration to the dressed 
seed material. 

The total amount in the fungicidal preparations of the active compound(s) 
selected from compounds of the general formula' I and their salts may be varied within 

55 wide limits; the actual concentration of the active substance used in the preparation 55 

depends mainty on the amount of preparation that is to be used, for example, for the 
treatment of soil or seed material. The preparations may contain, for example, from 
approximately 1 to 80%, preferably from approximately 10 to 50%, of active sub- 
stance(s) and from approximately 99 to 20% of liquid or solid vehicles' and, if desired, 

60 up to 20% of surface-active agent (s), all the percentages being by weight. The various 60 

forms of application are manufactured in a known manner, for example by grinding or 
mixing processes. 

To promote the emergence of seedlings the preparations are applied in the usual 
manner before sowing either directly on to the seed material or put into the seed fur- 
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rows togetfuer with the seeds (the so-called combined seeding ^nd <MMng tnediod). 
For a treatment of the. sail as such it is advantageous! to introduce the preparation into 
the topmost soil layers down to a depth, of about 20 cm, for example by rotary hoeing. 

The compounds of the general formula I may be manufactured by known methods, 
for example by the process described below which is also included within the scope of 
the present invention. 

The present inventioiu accordingly further provides a process for the manufacture 
of a compound of the general formula I or a salt thereof, wherein a compound' of the 
general formula II 
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in which R has the meaning given above, is treated with an asddizmg agent, and, if 
desired, the resulting free compound is converted into a salt thereof by reaction with 
an inorganic or organic acid or a Lewis acid. 

The oxidizing agent used for the manufacture of a compound of the general 
£5 formula I, 'in which n >= 1, is preferably an organic hydroperoxide, for example tertiary 15 

butylhydroperoxide, or a per-acid, for example 7/t-chloroperbenzoic acid, or an N- 
halogeno-acid amide, for example N-bromosuccinimide, or an inorganic compound^ for 
example hydrogen peroxide or sodium metaperiodate. The quantity of the oxidizing 
agent used for this purpose is two oxidation equivalents or a small excess for every mole 
20 of thio compound, at a temperature ranging from about 0° to 60°C. 20 
To manufacture a compound of the general formula I in which n = 2 there may 
be used apart from the afore-mentioned oxidizing agents certain inorganic agents, for 
example potassium permanganate or chromic acid or a salt thereof or nitric acid at a 
temperature of about 0° to 120°C. For this purpose there are used for 1 mole of the 
25 thio compound accordingly 4 oxidation equivalents or an excess thereof, that is to say 25 
at least twice as much as for the sulphoxidation described above, in which n = 1. 

Suitable reaction media are organic solvents, for example carboxylic acids, for 
example acetic acid, ethers, for example dioxan, ketones, for example acetone, acid 
amides, for example dimethylformamide, nitriles, for example acetonitrile, or other 
30 solvents that are inert towards the above-mentioned oxidizing agents, either by them- 30 

selves or in admixture with- water. 

The yields are good and amount to 60 to 95% of the meoretical yield. 
The salts of the compounds of the general formula I are manufactured by the direct 
reaction of inorganic or organic acids upon compounds of the general formula I. As 
35 inorganic acids there may be mentioned, for example, mineral acids, for example hydro- 35 
chloric and sulphuric acids, and as organic acids there may be mentioned, for example, 
oxaMc and p-toluene sulphonic acids. As Lewis acids there may be mentioned zinc 
chloride and boron trifluoride. The solvents used are those that are inert towards the 
reactants, among which there may be mentioned, for example, aliphatic and aromatic 
40 hydrocarbons and halogenated hydrocarbons, for example petroleum' ether, benzene, 40 
methylene chloride, cMorinated ethylenes, ketones, ether-like compounds, N,N- 
dialkylated amides, nitriles and alcohols, that is to say all substances which themselves 
have neither acidic nor basic properties. 

Examples 1 to 3 below illustrate the process of the present invention. 
45 Some compounds used in accordance with the present invention are listed in the 45 

following Table; the number "II" is used after "zinc J , "mercury", "copper", "calcium", 
"manganese", "nickel" and "cobalt" to denote that each of these metals is divalent in 
the compounds indicated. 
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Name of Compound 



Melting Point, °C 



2-(4-Pyridyl)-5-methyisuiphonyl-l,3,4-thiadiazole 

2-(4-Pyridyi)-5-methylsuIphonyl-i,3,4-thiadiazole- 
dihydrogen sulphate monohydrate 

2-(4-Pyridy 1) -5-me thy 1 sulphiny 1 -1,3, 4-thi adiazol e 

2-(4-Pyridyl)-5-ethylsulphonyI-l J 3,4-thiadiazole 
hydrochloride 

2-(4-PyridyI)-5-ethyIsulphinyM,3,4-thiadiazoie 
hydrochloride 

2-(4-Pyridinyl)-5-isopropyIsulphonyi-l,3,4-thiadiazole 

2-(4-Pyridinyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
hydrobromide 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazoIe 
hydrogennitrate 

2-(4-Pyridyi)-5-ethylsulphinyl-l,3,4-thiadiazole 
methyl-hydrogensulphate 

2 : (4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
dihydrogenoxalate 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
dihydrogenmaleate 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
hydrogen-methan esulphonate 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
hydrogen-4-toluenesulphonate 

2-(4-Pyridyl)-5-ethyisulphinyl-l,3,4-thiadiazole 
boron trifluoride adduct 

Bis-[2-(4-pyridyl)-5-ethylsulphinyl-l,3, 4-thi adiazole]- 
zinc-II-chloride adduct 

3is-[2-(4-pyridyl)<5-ethylsulphiny!-l,3,4-thiadiazoie]- 
mercury-II-chloride adduct 

Bis-[2-(4-pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole]- 
copper-II-chloride adduct 

2-(4-Pyridyl)-.5-ethylsulphinyl-l,3,4-thiadiazole 
hydrogenperchlorate 

Bis-[2-(4-pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazolej- 
calcium-II-chloride adduct 

Bis-[2-(4-Pyridyl)-5-ethylsulphinyl-l,3 5 4-thiadiazole]- 
manganese-II-chloride adduct 

Bis-[2-(4-pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole]- 
nickel-II-chloride adduct 



186 
173 

(with decomposition) 
149 
211 



171 

(with decomposition) 
146 
173 

(with decomposition) 
162 

(with decomposition) 
139 

(with decomposition) 
183 

(with decomposition) 
125 

(with decomposition) 
173 

(with decomposition) 
143 

(with decomposition) 
160 

(with decomposition) 
260 

(with decomposition) 
186 

(with decomposition) 
230 

(with decomposition) 
173 

(with decomposition) 
above 340 



above 340 
above 340 
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Name of Compound Melting Point, °C 

2-(4-Pyridyl)-5-methylsuLphonyl-l,3,4-thiadiazole 222 

hydrogenrnethanesulphonate (with decomposition) 

2-(4-Pyridyl)-5-methylsulphonyl-l,3 } 4-thiadiazole 155 

dihydrogenmaleate (with decomposition) 

2-(4-Pyridyl)-.5-methylsulphonyl-l,3,4-thiadiazole 203 

dihydrogenoxalate (with decomposition) 

2-(4-Pyridyi)-5-methylsulphonyl-l,3,4-thiadiazole 217 

hydrogennitrate (with decomposition) 

2-(4-Pyridyl)-5-methylsulphonyl-l,3,4-thiadiazole 260 

hydrogenbromide (with decomposition) 

2-(4-Py r i dy I) -5-m e thy 1 s ulphony 1 -1 , 3 , 4- thi ad i az ol e 23 9 

hydrogenper chlorate (with decomposition) 

Bi s-[2-(4-pyridyl)-5-methyl sulphonyl-1, 3 , 4-thi adi azol e]- above 340 
cobalt-II-chloride adduct 

Bis-[2-(4-pyridyl)-5-methylsulphonyl-l,3,4-thiadiazole]- 296 

zinc-II-chloride adduct (with decomposition) 

2-(4-Pyridyl)-5-methyisulphonyl-l J 3,4-thiadiazole 255 

hydiogeniodide (with decomposition) 

Bi s-[2-(4-pyri dy l)-5-ethy 1 sulphiny 1-1 , 3 , 4-thi adi azol e]- 296 

cobalt-II-chloride adduct (with decomposition) 

2-(4-Pyridyl)-5-methylsulphonyl-l,3 5 4-thiadiazole- • 210 
hydrogen-4-toluenesulphonate 

2-(4-Pyridyl)-5-methyisulphonyl-l,3,4-thiadiazole 250 

hydrochloride (with decomposition) 

2-(4-Pyiidyl)-5-methylsulphonyl-l,3, 4-thi adiazole 170 

trihydrogenphosphate (with decomposition) 

2-(4-Py ridy 1) -5-me thy 1 sulphonyl-1 , 3 , 4-thi adi azol e 265 

boron trifiuoride adduct (with decomposition) 

Bis-[2-(4-pyridyl)-5-methylsuiphonyl-l,3,4-thiadiazole]- 228 

mercury-II-chloride adduct (with decomposition) 

2-(4-Pyridyl)-5-butyl sulphonyl-1, 3, 4-thi adiazole 159 
dihydrogen sulphate 

2-(4-Pyridyl)-5-propylsulphinyl-l,3,4-thiadiazole 103 

2-(4-Pyridyl)-5-butylsulphinyl-l,3,4-thiadiazole 77 

2-(4-Pyridyl)-5-propy I sulphiny 1-1, 3, 4-thi adiazole 157 
dihydro gens ulphate 

2-(4-Py r idy l)-5-buty I sulphiny 1-1 , 3, 4-thi adi azol e 138 

dihydrogensulphate (with decomposition) 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole- 156 

hydrogen-trifluoromethanesulphonate (with decomposition) 
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The compounds listed above and the products of Examples 1 to 3 are soluble in 
water and in organic solvents, for example xylene, cyclohexanone, methylene chloride, 
ethylene chkxrade, chloroform, dichloropropene, ether, ethyl acetate, dimethylformamide 
and dimethylsulphoedde. 

5 - , Th 5 following Examples illustrate the invention. As stated above, Examples 1 to <: 

3 describe the manufacture of active compounds of the present invention, and Examples 3 

4 to 9 illustrate the fungicidal activity of some of the active substances used according 
to the present invention as compared with that of known fungicidally active substances! 

Example 1. 

10 A solution of 22.3 g of 2-(4-pyridyl)-5-^thylthio-l,3,4-thiadiazole in 250 ml of 10 

glacial acetic aad prepared at about 35°C was mixed with 11.3 g of hydrogen peroxide 
ol 30 /„ strength, allowed to stand overnight and the solvent was then distilled off The 
residue was recrystallized from ethanol. Yield: 23.5 g of 2-(4-pyridyl)-5-ethylsmpfainyl- 
1,3,4-thiadiazole melting at 108°C. y 

15 Example 2. j5 

A solution of 11.3 g of 2-(4-pyridyl)-5-ethylthio-U,4-ihiadiazole in 75 ml of 
glacial aceticacid and 25 ml of water was mixed at 40° C with 10.5 g of potassium per- 
manganate. The reaction mixture was then stirred for 2 hours, then cooled to 10°C and 
u^^ 5 SOt ? i ™ bf^pWte solution was added until the reaction solution was colour: 

20 less. The pr^ipitated 2-(4-pyndyl)-5-emylsiilphonyl-U,4-thiadia Z ole was filtered off 20 
and recrystallized from ethanol. 
Yield: 10.6 g melting at 142°C. 



25 



Example 3. 

„ - *- 5 J rf •^ 1 J* , f ic 1 fi id , 0 [. 95 7o strength were slowly stirred into a solution of 10 

g ofJH4-pyndyl) ; 5 ; ethyls^^ in 100 ml of tetrahydrofuran. The o S 

mixture was stirred for 30 minutes, then cooled and the precipitate was filtered off with 



(13 g) melted at 168°C with decomposition'. 

Example 4. 

30 uwJS? 1 ?* 1 P*?*?** soU . was L inoculated with mycelium of Pythium ultimum or 
n'f TrZll a ^u 0 * ^P" 1 " 1 ^ «™* seeds dressed with preparations of 

50 /„ strength were sown in the soil contained in earthenware dishes of 2 litre caoackv 
m an amount of 50 seeds per dish. After allowing the seeds to grow for 14 2yf a?2? 
to 26 C the cotton seedlings that had remained sound were counted. 
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Sound cotton seedlings (% of the seeds used) 

0.5 g of active compound 
per kg of seeds 



Active compound in preparation 

of the present invention Pythium Rhizoctonia 

2-(4-pyridyl)-5-methyisuIphonyl-l,3,4-thiadiazoie 34% 28% 

2-(4-pyridyl)-5-methylsulphonyl-l,3 J 4-thiadiazole 54% 58% 
dihydrogensulphate monohydrate 

2-(4-pyridyl)-5-methylsulphinyl-l,3,4-thiadiazoLe 16% 28% 

2-(4-pyridyI)-.5-ethylsuIphonyl-l,3,4-thiadiazoie 36% 18% 
Control compound in preparation 

methyl-l-(butylcarbamoyl)-2-benzimidazole-carbamate 0% 56% 

l,4-dichloro-2,5-dimethoxybenzene 0% 42% 

5-ethoxy-3-tricWoromethyl-l,2,4-thiadiazole 16% 6% 

p-(dimethylamino)-benzene-diazo sodium sulphonate 12% 4% 

Infested soil, seeds undressed 0% 4% 
Steamed soil, seeds undressed 82% 



Example 5. 

Sugar beet seeds (monogenn) dressed with preparations of 50% strength were 
planted in a series of experiments in normal compost soil (staining fungi of the 
5 damping-of? complex) lib an amount of 100 seeds per concentration!. After 14 days' 
growth at 22 to 24°C the experiment was evaluated. 



Sound sugar beet seedlings (% of seedlings used) 



Active compound in preparation 
of the present invention 



1 g of active 2 g of active 
compound per compound per 
kg of seeds kg of seeds 



2-(4-Pyridyl)«-5-methylsuiphonyl-l,3 5 4-thiadiazole 
dihydrogensulphate monohydrate 

Control compound in preparation 



tetramethylthiuram di sulphide 
Infested soil, seeds undressed 
Steamed soil, seeds undressed 



79% 



35% 



80% 



20% 
77% 
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Example 6. 

. Sugat beet seeds (monogerm) infested by Phoma betae were dressed with prepara- 
tions of 50% strength and sown in a series of experiments in steamed compost soil in 
an amount of 100 seeds per concentration. After 3 weeks' growth at 22 to 24°C the 
experiment was evaluated. 



Active compound in preparation 
of the present invention 



% of sound plants emerged 
after 3 weeks 

1 g of active 2 g of active 
compound per compound per 
kg of seeds kg of seeds 



2-(4-Pyridyl)-5-methylsulphonyl-l,3,4-thiadiazole 58% 
dihydrogensulphate monohydrate 

2-(4-Pyridyl)-5-methyl sulphonyl-1, 3, 4-thi adi azole 73% 
hydro genme th ane sulphonate 

2-(4-Pyr idy 1) -5-methyl sulphony 1-1, 3 , 4-thi adi azole 6 1% 

dihydrogenoxalate 

2-(4-Pyridy 1) -5-methyl sulphony 1-1 , 3 , 4-thi adi azole 77% 
hydrogennitrate 

2-(4-Pyridyl)-5-methylsulphonyl-l,3 3 4-thiadiazole 74% 
hydrogenbromide 

2-(4- Pyridyl)~5-methyl sulphony 1-1, 3, 4-thiadiazole 72% 
hydrogen iodide 

Bis-[2-(4-Pyridyi)-5-methyl sulphony 1-1,3*, 4-thiadiazole] 84% 
zinc-II chloride adduct 

Bis-[2-(4-Pyridyl)-5-methylsulphonyi-l, 3, 4-thiadiazole] 69% 
cobalt-II chloride adduct 

Control compound in preparation 

Tetramethyithiuram disuiphide 30% 
Infested, undressed seed material 



87% 
79% 
83% 
83% 
77% 
78% 
77% 
89% 

66% 



21% 



Example 7. 

Barley seeds naturally infested by Helminthosprium gratnineum were thoroughly 
mixed in a series of experiments with the compound under test* then sown ini soil and 

10 ke P? m a** air-conditioned chamber at 5 to 10° C. After 3 — 4 weeks the extern: of in- 10 

fection as a percentage of the afFected primary leaves was determined. To ensure an 
even distribution of the active compound all over the grains the compounds under test 
were admixed with the usual additives, for example kaolin* talcum, chalk, colouring 
matter and oil. For this series of experiments an average of 478 plants per compound 

15 under test was used. For comparison' seed material was treated with methoxyethyl- 15 
mercury-silicate (6.9% in a commercial dry dressing). 
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Active compound in preparation 
of the present invention 



Relative infection as % with 
.... g of active compound/ 100 
kg of barley 



25 g 



10 g 



2-(4-Pyridyl)-5~methylsulphonyl-l,3,4-thiadiazole 

2-(4- Py r i dy i) -5-me thy 1 s ul phony I -1 , 3 , 4- th i ad i az o 1 e 
dihydrog en sulph ate monohydrate 

2-(4-Pyridyl)-5-methylsulphinyl-l,3,4-thiadiazole 

2-(4-Pyridyl)-5-ethylsulphonyl-l,3,4-thiadiazole 

2-(4-Pyridyl)-5-ethylsulphonyl~l,3,4-thiadiazole 
hydrochloride 

2-(4-Pyridyl)-5-ethylsulphinyI-l,3,4~thiadiazole 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
dihydrogensulphate 

2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole 
hydrochloride 

2-(4-Pyridyl)-5-ethylsulphiny 1-1,3, 4-thiadiazole 
hydrogenperchlorate 

Bis-[2-(4-pyridyl)-5-ethylsulphiny 1-1, 3, 4-thiadiazole] 
calcium-II chloride adduct 

Bi s-[2~(4-pyridyl) -5-e thylsulphinyl-1, 3 ,4-thi adi azole]- 
manganese-II chloride adduct 

B i s-[2-(4-py ri dy i) -5-e thy 1 sulph iny 1-1 , 3 , 4-thi adi az o I e] 
nickel-II chloride adduct 

Control compound in preparation 

M ethoxy ethyl -me tcury-silicate 

Untreated 



5 
5 

1.4 
0.6 
0.3 

0 
0 

0.1 
0.3 
0.3 
0.3 
0 



12 
14 

6 

0.4 
0.7 

0 

0.2 
0.2 
0.3 
0 

1.3 
0.7 



0 0.7 

100 (48% absolute) 
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Example 8. 

In a further series of experiments with barley seed material infested by Hel- 
minthospanum the activity against the stripe disease on barley of the water-insoluble 
compo^ 2r(4-^ ^ ^ its water _ solu51e 

hydrochloride and sulphate was tested. In this series of experiments an average of 421 
plants per individual compound under test was used. The two water-soluble compounds 
^Jrf te< I^ Slt ? ammmts were dissolved in 1 litre of water and thoroughly mixed with 
100 kg of barley m each; case. The control compound used was methoxyethyl-mercury- 
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Active compound in preparation 
of the present invention 



2-(4-Pyridy l)-5-ethyl sulphinyl- 
1,3,4-thiadiazole 

2-(4-Pyridyl)-5-ethylsulphinyl- 

1,3, 4-thi adi azole dihydrogen sulphate 

2-(4-Pyridy Diethyl sulphinyl- 
1,3,4-thiadiazole hydrochloride 

2-(4-Pyridyl)-5-ethylsulphinyl- 
1,3,4-thiadiazole dihydrogen sulphate 

2-(4-PyridyI)-5-ethylsuIphinyl- 
1,3,4-thiadiazole hydrochloride 

Control compound in preparation 

Me thoxy e thy 1-mer cury-s ill cate 

Untreated 



Relative infection as % at. . .g 
of active compound/100 kg of 
barley 

Form of 
application 25 g 



Powder 

Powder 

Powder 

Liquid 

Liquid 

Powder 



10 g 



0.5 0.7 

0.2 0.2 

0.5 1.2 

0 0.5 

0 L2 

1 6.4 

100 (25% absolute) 
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t r |T , Example 9. 

follows tST4S *e S" a £ f„ f°- "W* *** * 

in eS^sS teTM^V* ^P 0 ™^ spared as described 

figures sL^^rTut J^^^^^Z ™ "* ° f * &± ™ e 
number of plants on the 3 Xts Fofth L * ™ 355 a P^^ge of the total 

plants per co^Td Sder t^s 1^27 TZt^T^^ aV6lage <* 
case of winter wheat The coSroH LZS, Jf* of w "*? r barle V 1070 in the 
and known thkSle^xValS ^ S ^ m ^eAyl- m eraHy-siJica t e 
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Active compound in preparation 
of the present invention 



2-(4-Pyridyl)-5-ethylsuIphonyl- 
1,3,4-thiadiazole 

2-(4-PyridyI)-5-ethyl sulphonyl- 
1,3,4-thiadiazole hydrochloride 

2-(4-Pyridyl)-5-ethylsulphinyl- 
1,3, 4-thi adiazole 

2-(4-Pyri dy I) -5-e thy 1 s ul ph i ny 1 - 

1,3, 4-thi adi azo 1 e d ihy drog ens ul pha te 

2-(4-Py ri dy I) -5-e thy 1 s ulphiny 1 - 
1,3,4-thiadiazole hydrochloride 

2-(4-Pyridyl)-5-ethylsuiphinyl- 
1,3,4-thiadiazole dihydrogensulphate 

2-(4-Pyridyl)-5-ethylsulphinyl- 
1,3, 4-thi adiazo le hydrochloride 

Contro l compound in preparation 

2-Trifluoromethyl-5-rnethyl- 
sulphonyl-l,3,4-thiadiazole 

2-Dichloromethyl-5-methyl- 
sulphinyl-l 5 3,4-thiadiazole 

2-Trifluoromethyl-5-ethyl- 
sulphonyl -1,3,4-thiadiazole 

Methoxj/mercury-silicate 

Untreated 



% infection at ... g of active 
compound/100 kg of 

Winter barley Winter wheat 

Form of 

application 50 25 50 25 

Powder _ _ 10 22 

Powder _ _ q.7 2.7 

Powder 0.1 0.4 0.2 0.1 

Powder 0 0.1 4.1 6.3 

Powder - - 1.3 1.5 

Liquid 0 0.3 0 0.1 

Liquid - _ 0 0 3 

Powder 0.3 1.7 8 .9 

Powder 1.8 2.7 — — 

Powder — _ 8.7 19 

Powder 0 — 0 

4.8 49 



WHAT WE CLAIM IS:— 

1. A compound of the general formula I 
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/V — A/ 

(I) 



in which R represents an aliphatic hydrocarbon group and n represents 1 or 2. 

2. A compound as claimed in claim 1, wherein R represents an aliphatic hydro- 
carbon group contammg up to 5 carbon atoms. * 

t • . 3 ' A impound as claimed in. claim 2, wherein' R represents an alkyl group con- 
taining 1 to 5 carbon atoms. ^ K 

4. A salt of a compound as claimed in any one of claims 1 to 3 
hydrie 2 " ( ^ P ^ Hyl) " 5 " medl J' lsul P ilon y 1 - 1 ' 3 ' 4 - thi adia2ol e dihydrogensulphate mono- 
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6. 2~(4-Pyridyl)-5^ylsidphinyl-l 3 3 3 4-tliiaciiazole dihydrogensulphate. 

7. 2-(4-Pyridyl)-5~eth.ylsulphinyl-l 3 3,4--thiadiazole hydrodilaride. 

8. 2- (4-Pyridyl) -5 -isopropylsulphonyl- 1 3 3 ,4-thiadiazole. 

9. 2-(4-Pyridyl)-5-etliylsulpfainyl-l 3 3 3 4-thiadIazoIe hydrobromide. 

10. 2-(4-Pyiidyl)~5-ethylsiilphinyl-l 5 3 > 4-thiadia2ole hydrogeniutrate, 5 

11. 2-(4-Pyridyl)-5-^ylsulphinyl-l 3 3 3 4~thiadiazole methylhydrogensulpJiate. 

12. 2-(4-Pyridyl)-5^thylsulphinyl-l J 3 3 4-thiadia2ole dihydrogenoxalate. 

13. 2-(4-Pyridyl)-5-ediyIsidphinyl-l 5 3 3 4-thiadiazole dihydrogenmaleate. 

14. 2-(4-Pyridyl)-5^ethylsuIphinyl-l 3 3 3 4-thiadiazole h}^ge!nmelliaii)esulphonate. 

15. 2-(4-PyTidyl)-5-.ediylsulphinyl-l 3 3 3 4-thiadiazole hydrogen^4-taLuenesnlpfoonate. iq 

16. 2-(4-Pyridyl)-5-ethylsidphinyl-l 3 3 5 4-thkdiazole borontrifiuoride adduct. 

17. Bis-[2-(4-pyridyl)-5-ethylsulph^^ adduct. 

18. Bis - [2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - mercury- 
II - chloride adduct. 

15 19. Bis - [2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - copper- 15 

II - chloride adduct. 

20. 2-(4-Pyridyl)-5-ethylsulphinyl-l,3,4-thiadiazole. 

21.2- (4-Pyridyl ) -5-ethylsulphonyI- 1,3,4-thiadiazole . 

22. 2- (4-Pyridyl ) -5-inethylsuIphonyl-l,3,4-thiadiazoIe. 
20 23. 2-(4-Pyridyl)~5-methylsulphinyl-l,3,4-thiadiazole. 20 

24. 2-(4-Pyridyl)-5-ethylsulphonyH,3,4-thiadiazole hydrochloride. 

25. 2-(4-Pyridyl)-5-ethyls^phinyl-l,3,4-thiadiazole hydrogenperchlorate. 

26. Bis - [2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - calcium- 
II - chloride adduct. 

25 27. Bis - \2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - manganese- 25 

II - chloride adduct. 

28. Bis - [2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - mckel- 
II - chloride adduct. 

29. 2 - (4 - Pyridyl) - 5 - methylsulphonyi - 1,3,4 - thiadiazole hydrogen- 

30 methanesulphonate. ' 3 30 

30. 2-(4-Pyridyl)-5-no^ylsulphonyl-l,3,4-thiadiazole dihydrogenmaieate. 

31. 2-(4-Pyridyl)-5-methylsulphonyl-l,3,4-thiadiazole dihydro^noxalate. 

32. 2-(4-Pyridyl)-5-methylsulphonyl-.l^,4-thiadiazole hydrogennitrate. 

33. 2- ( 4-Pyridyl ) -5-methylsulphonyl- 1,3,4-thiaddazale hydrogenbroinide. 

35 34. 2-(4-Pyridyl)-5-meihylsulphonyl-l^^ 35 

35. Bis - [2 - (4 - pyridyl) - 5 - methylsnlphonyl - 1,3,4 - thiadiazole] - cobalt- 
II - chloride adduct. 

. 36. Bis - [2 - (4 - pyridyl) - 5 - methylsulphonyi - 1,3,4 - thiadiazole] - zinc- 
II - chloride adduct. 

40 37. 2 - (4 - Pyridyl) - 5 - methylsulphonyi - 1,3,4 - thdadiazple hydrogeniodMe. 40 

38. Bis - [2 - (4 - pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole] - cobalt- 
II - chloride adduct. 

39. 2 - (4 - Pyridyl) - 5 - methylsulphonyi - 1,3,4 - thiadiazole hydrogen - 4- 
toluenesulphonate. 

45 40. 2- (4-Pyridyl) -5-methylphonyl-l,3,4-thiadiazole hydrochloride. 45 

41. 2-(4-Pyridyl)-5-methylsuli*onyl-l,3,4-thiadiazole trihydrogenphosphate. 

42. 2-(4-PyridyI)-5-methylsuI0ionyl-l,3,4-thiadiazole borontrifluoride adduct. 

43. Bis - (2 - (4 - pyridyl) - 5 - methylsulphonyi - 1,3,4 - thiadiazole] - mercury- 
II - chloride adduct. 

50 44. 2-(4-Pyridyl)-5-burylsulphonyl-l,3,4-thiadiazole dihydrogensulphate. 50 

45. 2- (4-Pyridyl )-5-propylsulphinyl-l,3,4-thiadiazole. 

46. 2- (4-Pyridyl) -5-butylsulphinyl- 1,3,4-thiadiazole. 

47. 2-(4-PyridyI)-5-prc)pylsulphinyl-l,3,4-thiadiazole diihydrogensulphate. 

48. 2-(4-Pyridyl)-5-butylsulphinyl-l,3 > 4-thiaQ T iazole dihydrogensulphate. 

55 49 - 2 " (4 - Pyridyl) - 5 - ethylsulphinyl - 1,3,4 - thiadiazole - hydrogentrMuoro- 55 

methanesulphonate. 

50. A fungicidal preparation which comprises a compound selected from com- 
pounds of the general formula I given in claim 1, in which R and n have the meanihgs 
given in claim 1, and salts of such compounds of the general formula I, in admixture or 

50 conjunction with a suitable carrier. 

51. A fungicidal preparation which comprises the compound claimed in any one 
of claims 5 to 24, in admixture or conjunction with a suitable carrier. 

52. A fungicidal preparation which comprises the compound claimed in any one 
of claims 25 to 49, in admixture or conjunction with a suitable carrier. 
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53. A preparation as claimed in any one of claims 50 to 52, which is in the form 
of a powder, a spraying or dusting agent, granules, a solution* an emulsion or a suspen- 
sion, 

54. A preparation as claimed in any one of claims 50 to 53, containing a single 

5 compound selected from compounds of the general formula I and salts thereof in an 5 

amount of approximately 1 to 80% by weight. 

55. A preparation as claimed in any one of claims 50 to 53, containing two or 
more compounds selected from compounds of the general formula and salts thereof in 
a total amount of approximately 1 to 80% by weight. 

10 56. A preparation as claimed in claim 54 or 55, wherein the amount or the total 10 

amount, respectively, is approximately 10 to 50% by weight. 

57. A preparation as claimed in any one of claims 50 to 56 3 containing a single 
surface-active agent in an amount of up to 1 20% by weight. 

58. A preparation as claimed: in any one of claims 50 to 56, containing two or 

15 more surface-active agents in a total amount of up to 20% by weight. 15 

59. Any one of the fungicidal preparations as claimed in claim 50 and substantially 
as described in Examples 4, 5, 8 and 9 herein', 

60. Any one of the fungicidal preparations as claimed in claim 50 and substanitially 
as described in Examples 6 and 7 herein. 

20 61. A method of protecting a laving plant against phytopathogenic fungi, wherein 20 

a living plant is treated with a compound selected from compounds of the general 
formula I given in claim 1, in which R and n have the meanings given in claim 1,. and 
salts of such compounds of the general formula I. 

62. A method as claimed in claim 61, wherein the living plant is treated with the 

25 compound claimed in any one of claims 5 to 24. * 25 

63. A method as claimed] in claim 61, wherein the living plant is treated with the 
compound claimed in any one of claims 25 to 49. 

64. A method as claimed in claim 61, wherein the living plant is treated with a 
preparation as claimed in' any one of claims 50 to 60. 

30 65. A method of protecting a crop area against phytopathogenic fungi, wherein a 3 ^ 

crop area is treated with a compound selected from compounds of the general formula 
I given 1 in daimi 1, in which R and n have the meanings given 1 in daim 1, and salts of 
such compounds of the general formula I. 

66. A method as daimed in claim 65 3 wherein the crop area is treated with the 

35 compound claimed in any one of claims 5 to 24. * 35 

67. A method as claimed in claim 65 5 wherein the crop area is treated with the 
compound claimed in any one of claims 25 to 49. 

68. A method as claimed in claim 65, wherein- the crop area' is treated withi a 
preparation as daimed in any one of claims 50 to 60. 

40 69. A method of protecting seeds against phytopathogenic fungi, wherein) seeds are *® 

treated with a compound 1 selected from compounds of the general formula I given in 
claim 1 3 in which R and n have the meanings given in claim' 1, and salts of such com- 
pounds of the general formula I. 

70. A method as claimed in claim 69, wherein the seeds are treated with the com- 

45 pound claimed in any one of claims 5 to 24. 45 

71. A method as claimed in claim 69, wherein the seeds are treated with the com- 
pound claimed in any one of claims 25 to- 49. 

72. A method as claimed in claim 69, wherein the seeds are treated with a pre- 
paration as daimed in any one of claims 50 to 60. 

50 73. A method as daimed in claim 69, conducted substantially as described in any 50 

one of Examples 4, 5, 8 and 9 herein. 

74. A method as claimed in claim 69, conducted substantially as described in Ex- 
ample 6 or 7 herein. 

75. A process for the manufacture of a compound of the general formula I 
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in which R represents an aliphatic hydrocarbon group and n represents 1 or 2, or a salt 
thereof, wherein a compound of die general formula II 



U — N 



(II), 



in which R has the meaning given above, is treated with an oxidizing agent, and, if 
5 desired, the resultmg free compound is converted into a salt thereof by reaction with = 

an inorganic or organic acid or a Lewis acid. 5 

76. A process as claimed in claim 75, wherein R represents an aliphatic hydro- 
carbon group containing up to 5 carbon atoms. nyuso- 

tn toi ■ 11 \ ♦ 28 Ckimed m dahn 76 ' wherein R represents an alkyl group con- 

10 tammg 1 to 5 carbon atoms. J ^ K 

78. A process as claimed in any one of claims 75 to 77, whereim the oaridizing 10 
agent is an .organic hydroperoxide, a per-acid, an N-halogeno-acid amida or an in- 
organic oxidizing agent 

1 S in m!L A , P ^u- ^J* f*™?**"™ of a compound of the general formula I given 

^f™> J L Wh, ^, R an ^ K have 1116 n^nings given in claim 1, or a salt thereof, l 5 
conducted substantially as described in any one of Examples 1 to 3 herein. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 
303—306, High Holborn, 
_,. London W.C.1. 
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